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KENICHI NAKAMURA, M.D. ( f#2— )*

Depariment of Epidemiology and Statistics
P S AT B

SUMMARY

A case-control smdy was made on newly detected
active pulmonary tuberculosis cases and their
matched contrel cases in the ABCC-JNIH Adult
Health Study sample. By the end of the 7th cycle of
examinations (30 June 1972), 147 cases were
detected out of 15,460 persons who came for
examination two or more times. The annual average
incidence rate per 100,000 population during 1958-72
was 161 for males and 56 for females.

Height, weight, Body Build Index (relative body
weight), sub-scapular skinfold thickness, serum
cholesterol level, hemoglobin concentration, and
serum uric acid level obtained at the examination
immediately preceding detection of tuberculosis
were compared between the index and the control
cases on 145 pairs, by sex and age group (49 or
under and 50 or over).

Average height of index cases was greater than that
of the control cases. Control cases were heavier
than index cases for both sexes and age groups.
Comparison of Body Build Index exhibited more
distinct differences between the two groups, which
were more remarkable in the older age group.

Significantly thicker skinfold was demonstrated only
among the female control cases. Semum cholesterol
and uric acid level were significantly higher among
the male control cases. No difference in hemoglobin
concentration was observed between the index and
control cases.

These results not only supported the findings of the
previous studies which had shown higher morbidity
of tuberculosis among underweight persons, but also
suggested that some nutritional factors causing

E ®
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weight-gain or relatively higher levels of cholesterol
or uric acid in serum, might be playing important
roles in lowering the susceptibility to development
of tuberculosis.

INTRODUCTION

The finding that underweight is an important
predisposing factorin the development of tuberculosis
has been reported in the United States,1-5 Great
Britain, 6 and Japan.7-9

It is the purpose of this study to ascertain whether
or not underweight subjects in the ABCC-JNIH Adult
Health Study (AHS) populationl® show a higher
incidence of pulmonary tuberculosis. If the under-
weight persons have a higher risk of developing
active pulmonary tuberculosis, it is proposed to
determine if their greater susceptibility is related to
malnutrition or other factors by studying the nutri-

tional status of index cases prior to onset of disease.

The authormade a comparison of physique and several
other available indices representing nutritional status
of index cases obtained from the results of efamin-
ations performed prior to onset of disease with those
of matched control cases in order to shed light on
biologic factors related to the susceptibility of
tuberculosis.

MATERIAL AND METHOD

A rtota]l of 145 new active pulmonary tuberculosis
(index) cases with paired control subjects were
selected from the AHS sample which is the basis
for a continuing Mmorbidity study of atomic bomb
survivors and their controls receiving biennial
physical examinations.

During the first cycle examination, 1958 through
1960, 12,505 subjects (9,547 in Hiroshima and
2,958 in Nagasaki) were examined, demonstrating a
participation rate of 89.0 %.

Though the number examined has been decreasing
due to death and migration, the participation rate is
still being maintained at a level of abour 80 %,

First, the author screened subjects who had been
diagnosed as having pulmonary tuberculosis for the
first time at any of their examinations between the
2nd and 7th cycles. Since any abnormal finding
indicating a suspicious tuberculous lesion on a
chest X-ray is coded as pulmonary rwberculosis, it
was necessary to determine the truly new active
cases. This screening was done by the author by
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means of reviewing the medical records and chest
X-ray films.

Thus, among 15,460 persons who had received two or
more examinations, there were 147 new active
pulmonary tuberculosis cases (pleurisy cases were
excluded) with normal findings or healed lesions on
chest radiograms at the time of the preceding
examination. This number included cases detected
by physicians outside of ABCC during the interval
between periodic AHS examinations.

The number of cases with healed lesions before the
onset of active disease was 15, and they had no
subjective history of active tuberculosis and their
lesions detected by roentgenography were very slight.

The criteria of active pulmonary tuberculosis in
this study were almost the same as those which
have been widely used in tuberculosis surveillance
in Japan.ll

Using these cases, the incidence of active pulmonary
tuberculosis was analyzed in relation to radiation
dose, city, sex, age at time of the A-bomb (ATB),
and year of diagnosis. To calculate the incidence
rate, the product of the number of subjects and the
period under observation (person-year unit) was
used as the denominator.

The period between the first and the most recent
examination before 30 June 1972 was defined as the
observation period for each subject. For the
detected cases, the observation period ended as of
the time of detection.

The population observed for each chronological
year was calculated by summing the observation
period of each subject for that chronological year.
The total population observed between 1958 to
1972 was 154,997 person-years.

For a comparison of physique and other biological
indices, a matched pair case-control study was
conducted. Two index cases were excluded because
no data were available at the examination preceding
onset of disease.

The same number of control cases was randomly
selected from the AHS sample for the 145 index
cases, by matching sex, age (330 months), city,
major occupation of household,* and estimated
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*Categories used to classify the major occupation of household: I. Professional, technical, managers, and officials (00-10} II. Clerical and related
(20-21} III. Sales (30-31) Transportation and communication (60-63) Service (90-93% IV. Mining (50), Production process (70-89) Laborers
(8V}E V. Agriculture and fishing (40-41} VI. No occupation, not classified, and no information.

(Figures in parentheses indicate the code for occupation classification of National Census in 1960.)
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TG5D radiation dose (not-in-city, 0-9, 10-99,
100+ rad, and unknown).

The requirements for controls were that they be
free from any abnormal X-ray findings suggesting a
history of active pulmonary tuberculosis, any types
of extra-pulmonary tuberculosis and other non-
tuberculous chronic lung diseases. Also, as a
matter of course, it was a prerequisite that the
control case participated in the same cycle
examination when his paired index case was
confirmed to have had a healthy lung condition.

The items studied were height, weight, Body Build
Index*, skinfold thickness measured just below the
angle of the scapula, hemoglobin concentration,
serum cholesterol level, and serum uric acid level.
Height, weight, and Body Build Index were available
for all index and control cases, but some of the data
for the other items were not available.

If either one of the matched pair was lacking data for
a particular item, that item for his counterpart was
not used. (Comparison of data was made, as a
general rule, of findings obtained during the same
cycle of examination. The difference of valies
between index case and control for each item was
tested by means of a paired t-test, and for those
items which showed significant differences, the
relative risk of developing active tuberculosis was
estimated.

RESULTS

Incidence of Active Pulmonary Tuberculosis,

1958-72

As shown in Table 1, the average annual incidence
rate per 100,000 person-years for males in both
cities is 161 and that for females is 56. The
former is three times as high as the latter. Because
of the larger female sample, the total incidence rate
is reduced to 95 (147 new cases per 154,997
person-y ears).

There is no significant difference between the two
cities, although a higher rate is observed for males
in Hiroshima and for females in Nagasaki.

The most important finding is that the incidence for
males does not show a trend to decline, but the
incidence for females does. Figure 1 shows the
biennial trend of incidence by sex and age cohort

9, 10—99, 100 rad L ) #—F+ 3L 2B E%
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* Body Build Index: Percent ralio of weight to 50th percentile value of AHS sample for the corresponding age, sex, and height. ® The Index is

classified into three classes 89 or under, 90-109, and 110 or over.
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FIGURE 1 INCIDENCE RATE OF PULMONARY TUBERCULOSIS (BOTH CITIES) BY SEX & AGE ATB, 1960-71
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FIGURE 2 INCIDENCE RATE OF PULMONARY TUBERCULOSIS BY ESTIMATED (Té5) DOSE, SEX, & CITY
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TABLE 1 INCIDENCE OF ACTIVE PULMONARY TUBERCULOSIS (PER 100,000 PERSON-YEARS) BY CITY, SEX, AND YEAR

B EBENSEO A (100,000 AJE %20 )z il - fE - R
1958-60 61-62 63-64 65-66 67-68 69-70 T1.72 Tuotal
Both cities
Male Observed (person-yr) 6732 10726 10452 9879 9133 8024 2183 57109
New cases 3 40 g 11 12 12 5 ©o92
Incidence rate 45 73 86 111 131 150 231 161
Female Observed (person-yr) 10938 17878 17676 16955 16006 14349 4086 97888
New cases 4 18 14 8 6 3 2 55
Incidence rate 37 1M 79 47 37 21 49 56
Hiroshima
Male Ohbserved (person-yr) 5133 7150 6919 6528 6011 5231 1383 38355
New cases 3 29 6 9 10 10 2 69
Incidence rate 58 406 BT 138 166 191 145 186
Female Observed (person-yr) 8697 12812 12599 12103 11407 10109 2852 70579
New cases 4 13 8 3 5 1 2 36
Incidence rate 46 101 63 25 44 10 70 51
Nagasaki
Male Observed (person-yr) 1599 3578 3533 3351 3122 2793 T80 18754
New cases 11 3 2 2 2 3 23
Incidence rate* - 306 |~ ap 52 77 63 427 136
Female Observed (person-yr) 2241 5066 5077 4852 4599 4240 1234 27309
New cases 5 G 5 1 2 19
Incidence rate* 114 98 150 13 29 81

* Adjusted to the age distribution of Hiroshima

(age ATB). It is obvious that the difference in
incidence between sexes is caused by the higher
rates among middle and old aged males.

dose and
is quite negligible as

The relationship between radiation

incidence of tuberculosis
shown in Figure 2,
of New

Description Cases Selected for

control Study

Case-

As mentioned previously, 145 newly detected cases
are used as indices of the comparative study. The
distribution of these cases by city, sex, and age at
time of diagnosis are shown in Table 2. More than
a half of the index cases are 50 years or older and
the male-female ratio is 1.7.

The difference between Hiroshima and Nagasaki in
age distribution may be due to the difference in the
age composition of the AHS sample in the two
cities.10

Table 3 shows the distribution of radiclogical and
bacteriological findings.
by which the diagnosis has been ascertained are
classified according to NTA classificationl3 with

The radiological findings
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D1L Bixs0FEL ke, Bz 1.7 TH S,

BB - EWSEiMOESIHRICETA232E, Mmool A
BEATHMILEHAOEBEROZ L L0 TEL P
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#3, BEHEFNSLUCMBFEARREDSMERT.
REBEORETZIZH G S N B RENRRE, T A0
National Tuberculosis and Respiratory Disease Asso-
ciation (NTA ! G HHIZft- A4, HROFELHS



TABLE 2 NUMBER OF INDEX CASES BY CITY, SEX, AND AGE AT TIME OF DIAGNOSIS

£2 BWIRFIZETABEE: W - M- ERH
Age at time of diagnosis
Sex
Total 10-19 2029 30-39 40-49 50-59 60-69 70-79 80+
Both Cities
Total 145 i 18 25 24 28 36 11 2
Male 92 1 12 13 14 21 23 ) 2
Female 53 - -] 12 13 7 13 2
Hiroshima
Total 103 1 10 13 16 23 29 9 2
Male 69 1 T 7 T 18 19 8 2
Female 34 . 3 ] 9 5 =10 1
Nagasaki
Taotal 42 - 8 12 8 5 i 2
Male 23 - 5 6 4 3 4 1
Female 19 - 3 6 4 2 i 1
TABLE 3 DISTRIBUTION OF INDEX CASES BY RADIOLOGICAL AND
BACTERIOLOGICAL FINDINGS
£3 BEOSM: BHEBFN S & OB R
= Acid Fast Bacilli (AFB)
Extent of disease Taotal
Negative Positive Mot examined Unknown
Total 145 81 35 23 6
Minimal 83 49 17 15 2
Moderately advanced Cavity (=) 24 12 10 1 1
Cavity (+) 31 17 7 7
Far advanced 3 1 1 . 1
Unknown 4 2 2
minor modification of "‘Moderately Advanced” in Alita-n[hEEERE | oEECHTALEILE N
order to clarify the presence or absence of cavities. 3 7
For bacteriological findings, all cases in whom

acid fast bacilli (AFB) were detected in sputum or
gastric juice by either smear or culture during a
period of 2 years after the detection of abnommal
densities suggesting active pulmonary tuberculosis,
were classified as AFB positive. As 83 cases
(57 %) were minimal cases and more than two thirds
of examined bacteriologically showed
negative findings, most of the index cases seemed
to have neither subjective symptoms nor abnormal
findings on other physical and biochemical examin-
ations.

the cases

Comparison of Selected Statistical Vilues

Number of pairs with mean and
standard deviation of index-control differences by
sex and age (under 50 and 50 and over) for each

available data,

MEEMT Rz 2w T, EOEEEE RS T 2RE
EHOERED2 »FEOMICERS 50X E RO EHKE
FRAUEERCIL-oTHEHORR AL £H 2 AR
Bk LS EL . B3M(57%) I [RE | B ET, ME
FHREFRI-E03I 502 LEBEREATRL T
WEDT, KEFOBRFECIARERLMOBEFENS &
UL FMEEORERRL 2283 THS.

HEMSTBED L&

FEA4 B LUESZE, BROAFEATHAHON &
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TABLE 4 COMPARISON OF SELECTED STATISTICAL VALUES FOR EACH MEASURED ITEM
BETWEEN INDEX AND CONTROL CASES

x4 RBAELHREMOZBHEAB T 2B EOHKHED L

Mean of S.D. of
No. of Mean of Mean of differences differences t
Sex Age pairs indices controls 2 (X —Xg) —— (Significance)
(n) (X X) B-—>— J2o-Da-1
Height (em)
Male Al 92 161.04 159.51 1.53 7.94 1.848
<h( 37 163.54 160.92 2.62 8.74 1.824
50+ 55 159.36 158.56 0.80 7.37 0.805
Female All 53 149.47 149.00 0.47 7.83 0.437
<50 31 150.71 152.00 =1.29 6.75 —1.064
50+ 22 147.73 144.77 2.96 8.79 1.580
Weight (kg)
Male All 92 51.54 54.15 -2.61 9.31 —2.680%*
<50 37 52.95 53.63 —0.67 8.93 —0.463
50+ 55 50.59 54.50 —3.91 9.46 —3.085*%*
Female All 53 44.51 49.34 —4.83 12,73 —2.763**
<50 31 46.04 51.50 —5.46 14,23 —2:136*
50+ 22 42.35 = 46.30 —3.95 10.53 —1.760
Subscapular skinfold thickness (mm)
Male All 49 5.3 6.5 -1.2 4.8 —1.764
<50 15 5.4 6.3 ~0.9 3.7 —0.936
50+ 34 5.3 6.6 -1.3 5.1 —1.486
Female All 31 B.7 13.0 —4.3 8.0 =2.986%*
<50 20 9.1 13.8 -4.7 77 =2.740*
B0+ 11 8.0 11.7 —3.7 9.1 —1.342
Cholesterol (mg/dl)
Male All 66 157.6 169.7 —-12.1 39.8 —2.469*
<50 17 151.1 168.8 =17.7 36.7 —1.991
50+ 49 159.8 170.0 -10.2 41.3 —1.731
Female All 38 164.2 168.7 —4.5 47.5 —0.584
<50 20 152.8 161.4 —8.6 432.2 =0.911
50+ 18 176.8 176.8 0 54.2 0
Hemoglobin (g/dl)
Male All 91 14.08 14,16 —0.08 1.94 —(.393
<50 37 14.37 14.52 ~0.15 2.35 —0.389
50+ 54 13.88 13.92 =004 1.80 —0.163
Female Al b2 11.90 11.97 ~0.07 1.74 —0.290
<b0 30 11.82 12.05 -0.23 1.63 —0.774
50+ 22 12.02 11.86 0.16 1.49 0.505
Uric acid (mg/dl)
Male All 28 5.01 6.13 -1.12 2.12 —2.795%*
<50 6 5.40 5.42 =0.02 2.13 —0.023
50+ 22 1.91 6.33 -1.42 2.14 =3:118=

*0.05>P>0.01

*0.01=P=0.001



TABLE 5 COMPARISON OF SELECTED STATISTICAL VALUES FOR BODY BUILD INDEX BETWEEN
INDEX AND CONTROL CASES

#£5 BRELMBEIEMOARBEHICHETIBEEOKIHMED LK
" " No. of Mean of Mean of Mean of 5.D. of z
ex ge pairs indices controls I/C ratio I/C ratio s
(n) X9 X2 (g R)  (SlogR)  (Significance)
Total All 145 95,3 103.2 —0.0340 0.0795 —5.152%**
<50 68 95.9 102.6 =0.0275 0.0849 —2.670%*
50+ 77 94.8 103.8 —0.0398 0.0746 —4,682%*
Male Al 92 96.4 102.8 —0.0275 0.0662 —3.986***
=h0 37 96.4 100.4 —0.0167 0.0608 —1.670
50+ 55 96.3 104.4 —0.0347 0.0682 —J.7TaNe*
Female All 53 93.5 104.1 —0.0454 0.0990 —3.338**
<50 31 95.2 105.3 —0.0403 0.1063 =2.111*
50+ 22 91.0 102.3 —0.0525 0.0891 ~2.763%
‘t" values were calculated based on logarithm of I/C ratio (R). >
*0.05>P>0.01 **0.01>P=0.001 **x P 001
item are shown in the Tables 4 and 5. Also the CHEH2BFLHBHEOMEBOZ0THEE & FIRHE
distribution of index-control differences  are

illustrated in Figures 3-9,

Height, Weight, and Body Build Index (Figures 3-5).
In general, average height of index cases is higher
than that of the control cases except for younger
females. Although statistical significance is not
observed, the differences in mean value are 2.6cm
for younger males and 3.0 cm for older females.

The control cases are heavier than the index cases
both Significant
differences are found for older males (—3.9kg), all
ages in males (—2.6kg), younger females (-5.5kg),
and for all ages in females (—4.8 kg).

in sexes and all age groups.

The true differences in relative body weight would
be more remarkable as the index cases are taller
than the control cases.

The differences of body build between indices and
controls were demonstrated more clearly by comparing
the Body Build Index, a compound index of height
and weight.

The analysis was made based on the logarithm of
each index/control ratio (I/C ratio),
Body Build Index was itself a ratio.

since the

For each category of sex and age, the mean values
of index cases are under 100, whereas those of
controls 100. Consequently, the mean
values of I/C ratio are less than 1 for all categories
of sex and age.

are over
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FIGURE 3 DISTRIBUTION OF DIFFERENCE OF HEIGHT (INDEX—CONTROL) IN EACH PAIR
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FIGURE 4 DISTRIBUTION OF DIFFERENCE OF WEIGHT (INDEX-CONTROL) IN EACH PAIR
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FIGURE 5 DISTRIBUTION OF LOGARITHMIC RATIO OF BODY BUILD INDEX (LOG INDEX/CONTROL) IN EACH PAIR
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The means of logarithmic I/C ratios are significantly
deviated to the minus side,
younger males.

with the exception for
It is noteworthy that

high significance is observed for older males.

remarkably

These results

investigators
who

the

generally

of previous
healthy
to develop pulmonary
tuberculosis are of less weight than those who are
not so destined.

findings confirm
that, speaking,

ersons are destined
p

Skinfold Thickness (Figure 6). There are 80 pairs
(male 49, female 31) in whom both persons had
skinfold thickness measured (just below the angle
of the scapula) during the desired period. Control
cases generally had cthicker skinfold than index
cases (average 1.2mm for males and 4.3mm for
females) before the onset of disease. However,
a significant difference is seen only for females,
all ages combined.

Standard deviation of sub-scapular skinfold for
control cases is larger than that of index cases
especially females which the
tendency observed for Body Build Index.

for is similar to

Serum Cholesterol Level (Figure 7). There are
104 pairs (male 66, female 38) in whom both persons
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FIGURE 6
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FIGURE 7 DISTRIBUTION OF DIFFERENCE OF SERUM CHOLESTEROL VALUE (INDEX-CONTROL) IN EACH PAIR
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FIGURE 8 DISTRIBUTION OF DIFFERENCE OF HEMOGLOBIN CONCENTRATION (INDEX-CONTROL) IN EACH PAIR
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FIGURE 9 DISTRIBUTION OF DIFFERENCE OF SERUM URIC ACID LEVEL (INDEX-CONTROL) IN EACH PAIR
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had serum cholesterol measured during the desired
period, Mean serum cholesterol values in male
index cases are lower than those in control cases.
The difference is 12.1mg/dl in average.
cant difference is observed for males,
combined (P <0.05); for females, the

not remarkable.

A signifi-
all ages
difference is

Hemoglobin Concentration (Figure 8). Most of the
pairs had the data on hemoglobin concentration.
There in hemoglobin value
between index cases and controls for either
or age group,

are no differences

s5ex

Serum Uric Acid Level (Figure 9). Examination of
semum uric acid level was started in 1965, and the
examinees were limited, as a rule, to males over
40 years of age. Therefore, females were excluded
from the analysis. Though the sample examined is
small, it is worthy of attention that the index cases
have a significantly lower level of uric acid than
the controls (P<0,05).

Estimation of Relative Risk According to Categories
of Quantitative Variables .

An attempt to estimate relative
numerical values was carried out on items in which
significant differences between and
controls were observed by a comparison of mean
values. The method of matched sample study
described by Mantel and Haenszell4 was used for

index cases

comparing the index and control cases for each
factor.
Body Build Index (Tables 6-7). The Index is

classified into three classes, 89 or under, 90-109,
and 110 or over. These represent the underweights,
the normal weights, and the overweights, respec-
tively. The estimates for total pairs indicate that
the relative risk of the underweights is 5 times as
high as the overweights and 1.65 times as high as the
normal weights. On the contrary, the overweights have
a very low risk, half that of the normal weights,
one fifth that of the underweights.
risk of

and
The relative
the underweights to the overweights is
significant for the total, all ages combined, in the
males and older age group of both sexes combined.
Though the tendency is similar for each group of
pairs classified by sex and age, statistical signifi-
cance 1s not seen because of the small number of
pairs available.

These that the effect of body
build to pulmonary tuberculosis is more evident in
older males.
that the overweights have remarkably less
.susceptibility to tuberculgsis rather than to say the

findings suggest

And it is felt it would be appropriate
to say

risk based on.
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TABLE 6 COMPARISON OF BODY BUILD INDEX WITHIN EACH PAIR

Index cases

# 6 B L AR RO SR o R

Control Total Male Female
cases - = - - =
<90 90-109 110+ Total <90 90-109 110+ Total <90 90-109 110+ Total
All ages
<40 5 17 3 25 3 10 1 14 2 T 2 11
90.109 28 46 8 82 16 35 4 55 12 1L 4 27
110+ 15 17 6 38 8 11 1 23 7! 6 2 15
Total 48 a0 17 145 27 a6 9 92 21 24 8 53
=50 vears
< a0 g 9 1 13 1 4 - 5 2 & 1 &
90-109 12 22 [ 10 6 17 3 26 6 5 3 14
110+ 5 8 2 15 1 5 6 i 3 2 9
Total 20 39 9 68 8 26 3 37 12 15 6 31
50+ years
<00 2 8 2 12 2 6 1 9 2 1 3
90.109 16 24 2 42 10 18 1 29 6 6 1 i3
110+ 10 9 4 23 T 6 4 17 3 3 6
Total 28 41 8 77 19 30 6 55 9 11 e 22

TABLE 7 SUMMARY OF RELATIVE RISK ACCORDING TO THE CLASS
OF BODY BUILD INDEX

#7 HHEBEOES: FEEEO 5 EN
Body build
Age class to be Total Male Female
compared
All age U/N 28/17 =1.65 16/10 = 1.60 12/7=1.71
N/O 17/8 =2.13 11/4 =2.95 6/4 =1.50
ujo 15/3 =5.00%* 8/1 =8.00* 7/2 =3.50
250 U/N 12/9 =1.33 6/4 =1.50 6/5 =1.20
N/O 8/6 =1.33 5/3 =1.67 3/3 =1.00
u/o 5/1 =5.00 4/1 =4.00
50+ U/N 16/8 =2.00 10/6 =1.67 6/2 =3.00
N/O 9/2 =450 6/1 =600 3/1 =3.00
u/o 10/2 =5.00 7/1 =7.00 3/1 =3.00

Underweight <90, Normal weight 90-109, Overweight 110+

*0.05>P>0.01

the
relative risk of the older overweight males compared
to normal weights is lower than that of the older
normal weight males compared to underweights.

underweights have more susceptibility, since

Serum Cholesterol Level (Table B). As the
distribution of serum cholesterol level in index and
control cases suggests that there are no significant
in mean and variance between

differences sexes

#*0.01>P>0.001
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TABLE 8 COMPARISON OF SERUM CHOLESTEROL LEVEL WITHIN
EACH PAIR, SEX AND AGE COMBINED

#8

BELHBEMOMEI L 27 0— L (s & CEBSE)

Control cases

Index cases

<160 mg/d]
<160mg/d] 26
160+ mg/dl 33
Total 59

160+ mg/dl Total
16 42
29 62
45 104

Relative risk (<160 mg/dl: 160+ mg/dl) 2.06 (P<0.05)

TABLE 9 COMPARISON OF SERUM URIC ACID LEVEL WITHIN
EACH PAIR, MALE, AGE COMBINED

BELMEZEMOMBEREEORE (BT - 24

W53

Index cases

#9
Control cases -
<6mg/d]
<fmg/dl 10
G+ mg/dl 13
Total 23

6+ mg/dl Total
3 13
r 15
5 28

Relative risk (<6mg/d]: 6+ mg/dl) 4.33 (P<0.05)

and among the age groups, the estimation of relative
risk is made on the combined group of both sexes
and all ages. The author’s impression on the
distribution of cholesterol values in this sample is
that there are many with
index cases.

low values among the

In dividing the subjects into two groups for compari-
son by serum cholesterol levels, the borderline has
been arbitrarily drawn at 160mg/dl as it is close to
the mean value for the subjects.

The relative risk of pulmonary wmberculosis for
persons with serum cholesterol levels of less than
160mg/dl is twice as high as those with higher
cholesterol levels. This relative risk is statisti-
cally significant.

Serum Uric Acid Level (Table 9). As the younger
aged male group is too small, comparison is made on
the all ages combined group. The borderline is
drawn at 6mg/dl, using a similar principle as that
adopted in the case of cholesterol.

Men who had low serum uric acid levels (less than
6 mg/dl) are found to have a significantly higher
relative risk (more than 4 times) for tuberculosis as
compared with those who demonstrated a higher
level of serum uric acid.

Additional data are given in the Appendix.
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DISCUSSION

Comparison of body build, skinfold thickness, serum
cholesterol
serum uric acid level of the index cases at the cycle
examination preceding onset of pulmonary tuberculo-
sis with those of matched control cases showed that

level, hemoglobin concentration, and

the index cases had significantly lower values for
weight, skinfold thickness, cholesterol, and uric
acid.

The concept that a certain type of physique in some
way predisposes a person to tuberculosis is as old
as medical history, for it was Hippocrates who
described the physical characteristics of persons
who had the constitution to develop tuberculosis.

In modern ages, this problem attracted much interest

in the field of military medicine in the United States.

Love,l and Reed and Love,2 carried out large-scale
studies among men who had entered the army during
World War I and earlier. They found that tuberculosis
developed much more frequently among men who were
thin, particularly tall and thin, than among short
heavy men. Their results showed, moreover, that
the characteristic build was present long before the
disease became clinically evident. Similar findings
were also reported by Long and Jablon3 among men
entering the army during World War II.

After the War, Palmer et al4 studied the incidence
of active tuberculosis in relation to body build for
nearly 70,000 Navy recruits during 1949-55. Their
results showed that morbidity rates were four times
higher among those who were 15% or more underweight
for their height than in those who were overweight.
In contrast, body build was not found to be related
to the tuberculin positive rate.

Recently, Edwards et al3 investigated body build
and its relation to prior tuberculosis infection and
to subsequent tuberculous disease on Navy recruits
from 1958 through 1967, and confirmed the results
of earlier studies. Moreover, their study showed
that there was no relationship between physique and
the chance of becoming infected, and the substantial
association between body build and tuberculosis was
concentrated on the susceptibility of the individual
to develop a recognizable disease after he had been
infected. Morbidity was over three times greater for
underweight than for overweight men, while the
frequency of infection in the two groups was the
same.

In Japan, the relationship between body build and
tuberculosis had already been recognized empirically
before World War II. However, in those days, when
tuberculosis was overwhelmingly prevalent and no
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effective was available, most patients
were detected at the stage of emaciation resulting
from advanced disease. Consequently, it was
difficult to know whether the leanness was the
result of the disease or one of the predisposing
factors.

treatment

After dissemination of the mass TB case finding
Japan, it became detect
patients without any subjective symptoms. This
is especially true in large enterprises where periodic

program in easier (o

health examinations (including chest radiophotography
performed once or twice a year) have been carried out
on all employees; most of the new cases of tuberculo-
sis have been detected by health examination at the
early stage of the disease.

As it becomes possible to observe the relationship
between body build and risk of tuberculosis indepen-
dently of weight the this
program has been brought into the spotlight
physicians who have an tuberculosis
epidemiology.

loss due to disease,
for

interest in

Sakai and Matsuya7, Maeda8, and the author? made
studies on different working groups and obtaified
almost the same conclusion, which also coincides
with those of American investigators.

As consideration of the
difference in prevalence of infection in relation to
body build seems to be very important. Unfortunately,
there are no data concerning tuberculin positive
rates in the AHS sample.
the situation among young Americans (3.5 % according
to Edwards et al3), the tuberculin positive rate is
very high among Japanese adults.

mentioned previously,

However, different from

The National Tuberculosis Prevalence Surveyl3?
conducted in 1968 showed that the tuberculin positive
rate among adults was over 80% (Figure 10), and
almost all reactors over 40 years of age were

considered to have been caused by natural infection.

Since the BCG coverage in this generation is under
20% and, for most of them, it is considered that a
long time has passed since their last vaccination.
About 90% of the index and control cases of the
present study belonged to this generation.

Consequently, even if there did exist some difference
in positive rate in relation to body build, the effect
of the difference in positive rate upon the difference
in incidence rate would be negligible.

Another guestion to be answered would be, **Is the
higher inctdence rate among the underweights caused
by an opportunities

increased frequency in for
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FIGURE 10 TUBERCULIN POSITIVE RATE AND COVERAGE OF BCG VACCINATION BY AGE IN 1968
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infection?’’ The author completely negates this on
the grounds that, as many studies have proved, the
mode of development of pulmonary tuberculosis
among adults in developed countries the
chance of new infection is infrequent, is mostly an
endogeneous the primary foci.l6
Therefore, the difference of incidence in relation
to body build is mostly caused by some differences
internal which activate rtuberculous
bacilli in old encapsulated caseous lesions. The
author believes that a study to identify the factors
causing endogeneous reactivation of old lesions, is
one of the most important problems for prevention
of so-called ‘chronic’ pulmonary mberculosis.

where

reactivation of

in factors

features
study
method, (2) using a general population as study
material, (3) investigating factors relating nutritional
status other than body build, etc.

The present study has

such as (1) adopting a strict case-control

several original

There might be raised a question on the problem
of comparability between index and control, since
15 cases who had had healed lesions at the preceding
examination of the onset of active disease,
included in the index cases.

were

However, as mentioned earlier they had no subjective
history of active tuberculosis and the densities on
their chest roentgenograms very
Therefore, it can be assumed that the pathological

were minor.
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changes in their lungs detected 'at the preceding
examination did not have any influence on their body
build or nutritional status at the time.

All of the aforementioned studies dealt with military
or working groups who were mostly young and had
passed through all kinds of selection. Also there
was sufficient the
studied.  Especially, there are very
few old male employees in large Japanese enter-
prises, because the retiring age is usually 55,

not a number of females in

populations

On the other hand, various epidemiologic data in
recent exhibiting a higher incidence
among middle and old aged males. Consequently,
the AHS sample is suitable for supplementing the
incomplete observations
groups,

times are

on military and working

relative
body weight berween index and control cases are
more remarkable for older males who have a higher
incidence of this disease. This finding is consistent
with the result of a study on bank employees by the
author.? Consequently, the underweights in middle
or old aged males are considered to be the highest
risk group for tuberculosis.

As mentioned previously, differences in

Association of tuberculosis with the items other than
body build seems to be interesting.

Although skinfold thickness may be thought of as
an index of body build, it directly indicates nutri-
tional status or obesity.

Berry and Nash6 measured the skin layer and surface
fat visible on miniature X-ray films and found that
radiologically nomal males destined
phthisis at a larer date were already thinner than
comparable who normal and not
destined to develop phthisis. They explained this
finding as the 'phthisis destined normal materials’
included 2 preponderance of persons of a certain
body type with
susceptibility to tuberculosis.

to develop

controls were

characteristics of leanness and

In the present study, similar results were demon strated
for but not for males. It is generally
that there is no substandal difference
between males and females concerning the relation-
ship between surface fat and susceptibility to
tuberculosis, but it may be assumed that the relatively
lean physique of Japanese males has some relation
to the discrepancy in results of these two studies.

females,
considered

Usually males have thinner skinfold than females.
Further, a comparative study of characteristics in
Japanese men living in Japan, Hawaii, and California
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by Kagan et all7 demonstrated that the average
skinfold of men living in Japan was about two-
thirds that of men living in Hawaii and Califomia,

The findings of the present study which indicated
that there was not any significant difference in
skinfold thickness between index and control cases
in males seems to be reasonable because with low
mean values it is not likely that significance could
be established even though the latter did have
relatively thicker skinfolds,

The results of hemoglobin concentration suggest
that anemia is not an important factor related to
enhancement of susceptibility to rtuberculous
disease, though it may be caused by some types of
malnutrition. The lower incidence in females who
have a physiologically less hemoglobin concentration
than males supports this assumption.

Serum cholesterol level is regulated by various
physiological or pathological mechanisms such as
metabolism disturbances, etc.
However, correlation between dietary fat and serum
cholesterol level is a well-known fact since Keys
et all8 reported the results of their intemational

diet, hormones,

comparative study. The proportion of fat in the
diet is believed to play the most important role in
causing differences in the serum cholesterol level
among healthy individuals. Also it is well-known

that serum cholesterol is correlated with hody far.

Recently, Nakamural? reported a positive correlation
of body weight with serum cholesterol in normmal
middle aged Japanese males. He assumed there
was a possibility that body adipose tissue might
play a role as the depository for cholesterol, and

made reference to the results shown by Nestel et al.20

The significant difference in serum uric acid between
index and control cases seems to suggest more
clearly the role of diet in relation to susceptibility
of individuals to tuberculosis.

Although  the

hyperuricemia

mechanical relationship between
and diet has not been completely
explained, there are no doubts that hyperuricemia
is prevalent among people who are ingesting large
volumes of high-purine foods such as meat, edible
viscera of animals and fowls, etc.

The aforementioned study by Kagan et al 17 demon-
strated a distinctly higher uric acid value in Hawaii
and California Japanese and Americans of Japanese
ancestry as compared to Japanese in Japan., A
recent report by Nicholls and Scott21 demonstrated
the correlation of plasma uric acid with body weight.
Fifteen overweight subjects, six of whom had gout,
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achieved a weight reduction ranging from 4 to 22kg
using a low-calorie diet. After weight loss, plasma
uric acid fell in 12 of the 15 subjects by a mean of
0.8 mg/dl.

consistent.

Changes in urinary uric acid were not

There was a significant relationship
between the fall in plasma uric acid and the degree
of weight loss.

Similar findings had been reported in the studies
at Framingham22 and New Haven23 in the U.S.A.
In the Framingham study, the difference in relative
body weight
more) and others were more significant for males
than for females.

between hyperuricemic (7mg/dl or

It is still undetermined as to whether the differences
in cholesterol or uric acid level between index and
control cases are directly related to the susceptibility
or not. It may be possible to assume that these
differences are an indirect reflection of a relatively
high level of cholesterol or uric acid among obese
persons.

The so-called 'body build’ may be divided into two
major components, skeletal-muscular structure and
fat deposit. The former is more related to congenital
or physical factors, and the latter is more related to
nutritional factors.

The study on Navy recruits by Edwards et al5
demonstrated that the body build of men with familjal
tuberculosis differed from that of men without it
This finding suggested that body build and suscepri-

bility to developing tuberculosis are interrelated
familial or stock traits. Another investigation of
Berry and Nash6 showed that tuberculous and

phthisis destined males tend to have relatively long

narrow chests and hearts by comparison with
controls. These two studies support the hypothesis
that skeletal and muscular structure are more
related to susceptibility to tuberculosis. The

results of the present study are not inconsistent with
body weight and levels of
acid in are partly

this hypothesis, as

cholesterol and uric serum

regulated by some congenital facrors.

However, it is more likely to consider that some
nutritional factors causing weight gain or relatively
higher levels of cholesterol or uric acid in serum
are also playing some important roles in lowering the
susceptibility to development of tuberculosis. It is
also assumed that the interrelationship of congenital
and nutritional factors may be different depending
on the average level of nutrition in the population. If
the general nutritional status is good, the congenital
factors may be more important in deciding suscepti-
bility.
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APPENDIX

# '

ROLE OF ABCC-JNIH ADULT HEALTH STUDY IN
MANAGEMENT OF PULMONARY TUBERCULOSIS.

Mail Survey on New Cases Detected in Principal
Study
Purpose. The objective of this study was to leam
what led to the discovery of pulmonary tuberculosis
and what medical care was provided after discovery.
These are interesting subjects in the evaluation of
the role of the AHS in the management of this disease.
Since sufficient information could not be obtained
through medical records alone, a mail survey was
carried out on the cases detected in the principal
study.

Material and Method. Of the 147 tuberculosis cases
on whom details had been reported in the principal
paper, cases found to be surviving as of the
beginning of this survey (January 1973) were
considered eligible as subjects. Of the original
number 32 had since died (Hiroshima 26, Nagasaki 6)
as confirmed by check of Koseki (Family registry)
records, of whom 7 died of wberculosis, Further,
five cases (Hiroshima 4, Nagasaki 1) were excluded
as they were detected on the basis of positive AFB
findings despite radiologically inactive lesions or
their addresses were unknown. Questionnaires were
sent to the remaining 110 cases. The formar of the
questionnaire is shown on p28-29.

The reason for using the term “‘abnormal pulmonary
density’’ instead of “‘pulmonary tuberculosis’ was
to reduce the examinee’s psychological burden by
being branded as a “‘tuberculous patient’’.

After confirming survival status and present address,
the questionnaire was sent to the subjects together
with a letter requesting cooperation.
was received after the elapse of 2 weeks, the
process was repeated, and if there was still no
response to the second letter, it was treated as

If no answer

‘non-response’ case.

Results. As shown in Table Al, the number of
responses received was 88 (80 % of the questionnaires
mailed) which was a fairly satisfactory response
rate.

Comparison of distribution of state of disease at
time of detection between respondents and the others
is shown in Table A2. There was no significant
difference in the extent of lesions, but the ratio of
AFB negative cases was higher in the respondents

than in the others.
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TABLE Al RESULT OF MAIL SURVEY
FAl BENE LR

Total Hiroshima Nagasaki
Number of new cases 147 105 42
Excluded from survey Deceased 32 26 6
Other reasons 5 4 1
Number of cases surveyed 110 75 35

Survey not performed Extended absence 2 1
Refusal 2 1 1
Mo response 19 16 3
Number of responses 83 57 31
Response rate (%) B0.0 76.0 88.6

TABLE A2 DISTRIBUTION OF STATE OF DISEASE AT TIME OF DETECTION
FOR RESPONDENTS AND NON-RESPONDENTS

#A2 IBEE - ECEZEIMT 2R ABROBED S H

" Respondent Others *

Total 88 (100.0) 59 (100.0)

Extent of lesions Minimal 54 (61.4) 30 (50.8)
M.A. or F.A. Cav.(—) 12 (13.6) 12 (20.4)

Cav. (+} 20 (22.7) 14 (23.7)

Unknown 200(2.3) 3 (5.1)

Bacteriologic findings AFB negative 56 (63.6) 26 (44.1)
AFB positive 17 (19.3) 18 (30.5)

Not exam. & unknown 15 (17.0) 15 (25.4)

Figures in parentheses indicate percentages.
*Cases excluded from survey and non-respondents to the guestionnaire.

To simplify presentation of the results, the data are
summarized by combining multple items and are
shown in contingency tables.

Table A3 shows distribution of the state of disease
at time of detection and treatment by mode of detec-
tion. Of 88 cases 47 (53 %) were detected at ABCC
on periodic examinations. The state of their disease
was relatively mild as compared with the cases
detected on the basis of symptoms. The high AFB
positive rate in the group detected at ABCC might
be due to the frequent bacteriologic examinations
performed on persons with abnormal findings on chest
X-ray. The reason for lower treatment rate in the
group detected at ABCC seemed to be associated
with the high ratio of minimal cases in this group.
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TABLE A3 DISTRIBUTION OF STATE OF DISEASE AND OF SUBSEQUENT TREATMENT BY MODE OF DETECTION
FA3 FRSLUZOEROBRRED 5 FRFEH

Extent of lesions

Bacteriologic finding Treatment after detection

M.A. or- MA. or AFB AFB
Total Min F.A. F.A.  Unknown neg. pos. No exam. Unknown Yes No  Unknown
Cav, (—) Cav.(+)
Total 88 54 12 20 2 56 17 9 6 59 16 13
(100.0)  (61.4) (13.6) (22.7) (2.3) (63.6) (19.3) (10.2) (6.8) (67.0) (18.2) (14.8)
ABCC Periodic exam. 47 33 5 9 29 12 6 - 30 10 4
(100.0)  (70.2) (10.6)  (19.1) (61.7) (25.5) (12.7) (63.8) (21.3) (14.9)
Other health exam. 21 13 3 4 1 16 2 1 2 16 3 2
(100.0) (61.9) (14.3) (19.0) (48  (76.2) (9.5  (4.8) (95 (76.2) (14.3)  (9.5)
Exam. for symptoms 20 8 4 T il 3 {s 4 13 3 4
(100.0)  (40.0) (20.0)  (35.0) (5.0) (55.0)  (15.0)  (10.0)  (20.0) (65.0) (15.0) (20.0)

Figures in parentheses indicate percentages.

Table A4 shows the type of explanation given the
cases by the examining physician with regard to the
pulmonary density by extent of lesions and mode of
detection. Generally speaking, the initial explana-
tions provided at ABCC were appropriate though
some hesitation was observed in making the
diagnosis of ‘tuberculosis’.

Almost all of cases who had been classified as
‘treatment necessary’, treatment as IS
shown in Table A5. Although no significant differ-
ences were observed in the rate of dropout from
treatment among the three groups, the cases detected
at ABCC showed lower rate compared with those who
were detected at other examinations.

received

The reasons for dropout in the eight cases including
one case with multiple check marks were: five had
considered themselves cured and one each due to
side effects of drugs, side effects and business, and
other reason.

Discussion and Conclusion. It is only natural that
careful attention must be paid to the interpretation
of data of this survey as some of the responses
seem to be unreliable. Another problem to be
considered is the bias between respondents and non-
respondents with regard to severity of diseases and
its character.

The respondents had less severe states, on the
average, at the time of detection, but were considered
to bemore concemed about their condition. Therefore,
their treamnent rate might have been higher when
compared with non-respondents with diseases of
similar severity.

The present results have pointed out thar the AHS
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TABLE A4 INITIAL EXPLANATION BY PHYSICIAN AT TIME OF DETECTION: BY EXTENT OF

LESIONS AND MODE OF DETECTION
#A4 REBOBEECLIRMOMM: BEORE - RAHEH

Explanation of physician

Ext. of Mode of Dx. not No
lesions detection Pulm. T.B. Pulm. T.B. Non-T.B. determined No Cannot No answer
Total treatment no treat, chest follow-up abnor- recall expla- from
necessary necessary disease necessary mality nation subject
Total ABCC 47 (100) 33 (70) ) 1 (2 5 (11) 5 (11) 1 (2} 1 (2)
Other exam. 200 (100} 12 (60) 3 (15) 1 (5 1 (5 3 (15)
Symptoms 19 (100) 15 {79) 1 (8 S5 1 (5 1 (b)
Min. ABCC 33 (100) 23 (70) . 4 (12) 5 (15) 1 (3)
Other exam. 13 {100) 8 (62) 3 (23) 1 (8) 1 (8
Symptoms 8 (100) 7 (88) 1 (13)
M.A. or ABCC 5 (100) 4 (80 1 (20)
gﬁ_-f_} Other ex s, 3 (100) (33) 2 (67)
Syiptomis 4 (100) 3 (75) 1 (25)
M.A.or ABCC 9 (100) 6 (67) 1 (11) 1 {11) 1 (1)
(Fla‘? (+) Other exam. 4 (100} (75) i 1 (25)
Symptoms 7 (100} (71) = 1 (14) 1 (14)

Two cases were excluded because no information was available op initial radiological findings.

Figures in parentheses indicate percentages.

TABLE A5 STATE OF TREATMENT FOR CASES CITED AS ‘TREATMENT NECESSARY’ BY

RAS [RIERIBH WS 20K BEORE - RRHEN

EXTENT OF LESIONS AND MODE OF DETECTION

Treatment
Extent of lesions Mode of Tatal Dropout*
detection Yes No Unknown

Total ABCC 33 3t 1 1 4 (13)
Other exam. 12 12 3 (25)
Symptoms 15 14 1 1 (7

Min. ABCC 23 22 1 3 (14)
Other exam. 8 8 2 (25)
Symptoms 7 7

M.A. or F.A. ABCC 4 4

Cav. (=) Other exam. 1 1 .
Symptoms 3 3 1 (33}

M.A. or F.A, ABCC 5 1 1 (20)

Cat () Other exam. 3 3 ) 1 (33)
Symptoms 5 4 1

Two cases were excluded because no information was available on initial radiological findings.

* Dropout rate is expressed as percentage of treated cases.
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has been playing a role in the early detection of
pulmonary tuberculosis, since the ratio of cases
detected at ABCC to the total exceeds 50%, and the
rate of ‘minimal’ among them is much higher than for
those who were detected outside of ABCC.

However, it is further desired to motivate the patients
to receive complete treatment by an appropriate
post-examination guidance for health care of detected
cases and their families.
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QUESTIONNAIRE ON DISCOVERY OF ABNORMAL PULMONARY DENSITY
AND MEDICAL TREATMENT RECEIVED

Master File Number

Respondentis [J self or O member of family or others

1

New pulmonary density or enlargement of former density was noted on X-ray film taken in about 19..
on occasion of’:

O 1)  ABCC health examination
O 2) Periodic health examination conducted at place of work, local district, school, etc.
O 3)  A-bomb survivor’s health examination

U 4)  Other health examination (for entrance in school, life insurance, application, employment
etc.)

O 5)  Clinic visit due to subjective complaint
O 6) Unknown
What explanation did the physician make with regard to the density?

(| 1) Treatment should be received because of probable pulmonary tuberculosis (or pulmonary
infiltration).

= 2) Though pulmonary tuberculosis (or pulmonary infiltration) is suspected, no treatment is
needed.

3) It is chest disease other than tuberculosis.

4) Type of disease is yet unknown. Follow-up is required.

5)  There is no reason to worry atall.

6) Ido not remember what the physician said.

7)  The physician provided no explanation.

Did you receive any treatment for tuberculosis (Streptomycin, or Kanamycin injection or oral medica-

tion of Hydrazid or PAS) after discovery to the present time?

O 1) Yes — Please answer question 4.

O 2) No

0 3) Unknown

(To be filled in only by person who received treatment)

1)  Period of treatment (If treatment was discontinued for a time, please write the period of
treatment separately.)

gooon

st period: From month of 19 to month of 3

2nd period:  From month of 19 to month of 19

3rd period: From month of 19 to month of T
2)  Did you continue treatment until the physician advised it be suspended?

| a) Yes

O b) No — Please answer question 3).

O c) Treatment continuing
0 d)  Unknown

3)  If your answer is “No”, why did you discontinue?

a. I was so busy that I could not visit the physician.

I thought myself cured.

I contracted another disease.

The side effect of the drug was too strong.

Too troublesome.

Other reasons ( )
Unknown.

oggogogoogao
e o oo o

Thank you for your cooperation.
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